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<+ ABSTRACT
Coniractual Matters
Ajl hecessary equipment and censultation approvals have been applied for and

delivery dates schedvied: Authority required for purchase of radioactive ma-

terial has been received from the Atomic Energy Cominigsion.

'lenebrescence

of the fundamental factors in the sensitivity of tenebre<

ﬂ

K»zu was I()_"li_fiu‘f ASONT
scent glasiées, as one of the resuits of a study of the systems KZO-A1-2,03-P20‘5
A theoretmal study oh tenebrescence was 1mt1atc=d and a program of experis

ments derivéd from preliminary results.

Calibration Glasses, for Raaiophowmminescéﬁéé S .

Glasses containing Mn+# have ‘been found whmh essenhaliy duplicate the photo-

luminescence of the rag_lic;photolumgnescent glass,

Radiophotoluminescence
The addition of small amsunts of ceftain modifiers did not improve the work-

ing properties of the existing radiophotoluminescent gla_'ss.
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PART 1

PRESENT STAThﬁ

PURPOﬁq

. The purpo‘ée of this investigation is to determine, in glasses, the

causes of optical changes produced by X - or gamina radiauon.
to select and develop these compositmns which combine opt1mun§
indication and ~in'te’g.i'atiori of X or gamma radiation with desirable
technological ~pr0pez&t§@s affecti';x‘g their eventual manufacture, and
to-develop. a glass which without radiation by X or gamma rays

will flucresce in a manner similar to the existing dosimeter glass,
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It i.2 GENERAL FACTUAL DATA s g
= 1.2.1  Personnel i
I . " ‘Since. the report.of 24 October, 1851 the project has lost the ser-
i vices of G. Shérwood Smith (inidicated in a special z"épo‘z‘:..t)l who was
e ordered to aciive duty on 2 Novémber, 1951 as a 2nd Lieutenant,
* CE., U.8.A.R. <
e The Iowa Military District, Building 92, Gruber Street, Des Moines,
* Jowa turned down the requést for deferment _submitted by this corm-
} "t pany to the New York Military District on 30 October, 1951,
! —
- ‘This company Wwill appeal the déé¢ision on the basis that four years
.-F . ) )
training in'Ceramics is a scarce commodity. Coupled with Mr,
; ‘Stoith's work on this project, it i‘éf)f‘éééﬁ'té a more extensive and .
i’ i
i more critical investmient than his ROTC traihing: K
; N
X In order to prevent delay in the prejéct, Mr. G, Brewster was shifted o
¢ from a purely advisory capacity to carrying c‘n_“tpg nie;ltmg ggz;gg'a_t;@c}nﬁ.____ i
§ This company's projects have been put on an overtitne basis to allow !
. Vttiiis project to .c;peraté during normal working hours, T his was re- ‘
i - 8 > '
- poried to Bureau of Ships, via Naval Inspector of Ordnance in a letten -
i - dated 23 Noveinber, 1951, "”
X - En,:
r . R =
: Authority to utilize the services of Dr, K. i, Sun, Pittsburgh, ! :
T Pennsylvania, to cooperate with Dr. Kreidl, of this dject, in writing '
= a survey of the scientific background as a basis for the investiga.tions ;
: : - i
i - ;
¥ RESTRICTED »
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1 ' ;;
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i'_ of this contract was requested by ietter dated i0 October, 195% to

the Contracting Officer, Bureaun of Ships. This has not y¢t been

i |

7

3
'

1.2.2, Equipment and Facilities

© bt &
] ¥

Authority to puirchase thé necessary source of gamma radiation,

equipment for its safe handling, and the monitoring equipmeént re-

Sachiaxl
v ’

quired by thé Atomic Energy Commisgion was Fequested on 18

Bh October, 1951, This authorization has not been received. Oir
{ .
P authority from the Atomic Energy Commission to purchase radio=
; : cobailt expires 31 December, 1951. Delivery dates on our equip-
p ] ment orders: have beer quoted by our supplier, on some itemsg in- o
S volved, as. 90 days. . ,
k b - . o T
= Althority to erect 13 feet of wall to. séparate the nié&ioqéﬁéﬁf source -
. from the rest of the laboratory in compliance with general require= -
“ri" s>
% 1. - _ ments of the Aiomic Energy Cominission, was requesgted 12. -
{ = ] -
¢ T November, 1651. This reqiest has not been authorized.
Ik e o
: ! p ‘The gradient ~furitxacé,, mentioned ia_.ter, is one which this laboratory =
s N ' = ;
§ constricted from ideas gained from the paper "An Improved Appar-
£ 3__ atus for the Determination of Liquidus Tempe¢rature and Rates- of
;& 3@ Crystal Growth" by O. H. Grauer and E. H. Hamilton of the National
ﬁ% == Bureau of Standa¥ds (Journal of National Bureau of Standards 33_
o™ i ) o
125 N (1950) R, P: 2096).
%1
voF RESTRICTED
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™ 1.3 DETAIL _FACTUAL DATA
& 1.8.1 '_I‘ogi_c_.l s Ra;dmphotc}lu;{unegcentg Glasses _
‘ r:: (Note: 'f‘opic 1'has been generalized from title used in first report)
i §- {Note: 7Topic I'is temporarily emphasized as it does not in its ini~
_"' tial phase require testing 2quipment not yet available.)
1.3.1.1 -Bgyi_t_?i-ﬁ‘égﬁﬁﬁ
1.3.1.1.4 F'x’tﬁadse
The purposge of this ‘phasé of the work y.'as to find modifications of
composition which hé.”ml..és .er_:denc;." 15« ev1zr1fy (grcw crvstals; w )
when made in larger crucibles than are used.in the 1 .labozrator-y,
and W-ifxich' had a longer wérki_"r_lg-:ran_ge (rate of change of viscosity
with temneratire is less).
2,3 11,2 F‘..p_erzmenta;l“ ﬁpﬁ?éa’éh‘
The appr¢ach to this problem was to meodify the r=-glass by smg}i
amounts of Mg0, Al;04, ZnO, or SiOZ.
T ‘The follow i ompositions were melted:
Meit No. A1(POy); ° :!{Pos Ba(POy), ygg(Poa)? Zn(POgl; Al,05 S5i0,
1A= 3701 50.0 25.0 26.0 2.00 2.00 100 -
- 1A—3708 80,0 25.0 19.0 \ 2.00 2.00 1.00 1.00
N All compositions a;'e weight percent.
1 H These glasses were compared with r-glass in the gradient fu_r_rlg:cg,_,
] - to détermine devitrification tendencies.
i -
a ,
3z RESTRICTED
e

b R “;'
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1.3.1.1.5

1.3.1.1.4

1.3.1.2

1.3.1.2.1

.o 1'.3; 1.%"._

]

1.3.1.2.3
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Results,

i~

All glasses weTe compisiely devitrifiec at all temperatires in=

vestigated, 506° 1o 900° C.

Conclusions

The composition variations showed no improvement in properties:
Werk will be resumed afier making -exploratory experiments on

other approaches..

Phosphate Base

Pur;_:’ ose.

The purpose of this phase of the Work was to investigate suitability

for radiophotolummifiescence of kazes chemically related to present
base of r<glass but known to have betier working properties.

-Expeni,méntal Approach

‘The follow ing composition: was melted:

Melt No. 80, = Na,0  AL,O3  BO03 P05

1A-3709 200 200 - 300  10.0 20.0

o

Composition Wt, % -

Results

_The melting properties were not good under ihe tonditions tested,

Cther melting conditionis will be studied, The silver solubility of

this glass has not Beeli tested..
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1.3.2.2.1
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‘I:‘,ogic 2 - Standard Glasses

{MNate: Topic 2 is aiso emphasized becausd spéé-iai equipment
Vis not required.)

Purpcise

The purpose of this work was to develop a glass having the same
fluerescence as r-glass without previous irradiation by gamma

rays.

Backgr ound -

A glass, E-9272 having the composition $10,-34.1%, Na,0-23.3%,

3 A -3 Y, | -9 5D Ch O o and \ - : £ 1
B,0,-33.0%; MnO, -2.50%, Sby03<5.65, and As;0;-1.50%, deveioped

by this company [_Jr-ior to: this study, had be¢n found to fluoresce

 sim ilétiy but much brighter than r=giass. o

The variation of the activator system MnQ-Stz()g 1o .obtain a desired

~ intensity was considered 'iz;‘-.?§§ibl§'., but complicated because of the
opposing infl‘uehcés‘ of quenching, oxidation,%and¥%olor. ‘The quench=
ing phenomena is the reducing of the amount of fluorescence by ipo
much Mn++, the oxidation phenomena is the effect of the ratio of Mn*t
to Mn™ ¥ and Mot in determ-ir;*ng fluorescence, and the coior phen-

o+

.omena is the increase ifi color due the increase of Mn which pro-

by thickness. It was considered prothising to cut down on the fluores-
cence of the Mntt by adding a small amount of iron.

~
-
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11; 1.3.2.3 'Experiméﬁ',t.al Approach
F To 4 glass of the ccmpnsnxon of E-9272 substitutions of Fe: e,0 3
- ‘were made for S oxvi These are shown below together wnzh a
T , - o
| vigual-estimiate of their fiuorescerice: -
. ) Visual Estimate of
T Melt No. :Fez-\os Added Fluorescence
i = : : e S i “ -
= E-~9530 0.315 Wt. % Too Dark 7
it £.55451 5189 o Correct s
it ﬂ E-9535 0.080 " Nearly Correct-
(., — Lut bright
m .
. it These gﬁlasses.Wi-_lj} be tested by Dr. Schulman at the Naval Re-
i ,‘}E search Laboratory. All three glasses have slight brown color.
‘x‘i 1.3.3 f-l?qgi;c 3.~ Tenebrescent Glasses
1 P O - NP O < -
4}_ 1.3.3.1 System AI,,_ZOS K_20 P205
g: 1 .3 -SA\:-I, . 1 o Pui‘ E_O Se
| The Naval Research Laboratory has discovered that r-gi'ass from
3-5- which silver phosphate is omitted (in the following called r-base)
i’!‘ _ _ représents one of the hest tpnebrescent compositions to date. The
- r=base is a compos1t1on in t_ﬁ;a&{laterri;x_'gr system A:,\‘,_O‘3 -KZO-
ii— P O -BaO In order to better undersiand this fact simpler binary
2 o
] g“ and ternarv compositions were considered. The theoretical WOrk T
E of N, Kre1d1 and K. Sun, that will be presented in the next report,
A .
| i suggests attention to the role of 1{20.
é <
£
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1.3.3.1.2 Ei’tgefi;m’ent’%{l%_ Approach

A8

Melts were made of various comnpesitions in 2 :_i,;gclf?,\, zircon cruci-
bles. .
1.3.3.1.3  Resuits

1.3.3.1.3.1 The appréximate glass formation area in fhgs system is ihdicatéd :
o by the s6lid line in the composition field of figure 1. Glasses to l

the right of the-dashed line were not investigated. Such glasses,
conta ing more P 05 than: the m: ataphosphates, are usually soluble E

in water, difficult to prepare, 'ar'_s'd unreliable in compogition due to

the vol‘&tili-_zé.tio’ﬁ of ?:2'6'}“ . However, glass farmatién is expectéd

to exist in most of this. area. Glasseées produced near the KZQ' 295
binary side of the field are hygroscopic résulting in poor sam.plés‘.

However, these ai2 of suificient interest to warrant further attempts

to ’pf pare better samples, préserving them in a desiccator,
1.3.3.1.3.2 Since no radiation soirce was available itere; selected samplies were ':
prepared and submitted to Dr. Schulma‘., Navy Research Lahoratory, i

for exploraiory examination. Ratings so sbtained are inscribed in
-/ ) - -

figure 1. The rating most refers, according to Dr. Schillman, to

tenebrescence comparable with the r-base. These results are also

shown with the gomposi;;ions-:
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Atnay,

I Giass K0 ALy P05 Semsitivity :

—

F-0008-3 55 20 26 - Slightly less serigitive than
: 2 and 3

F-0008-2 45 10 45 One of most sensitive

o
3]
|

F-=0008-3 20 35 One 6f most sensitive.

<

F-0008-24 1§ 26 85 Slightly more sensitive tham

Y

<

o

F-0008-5 5 30 65. Least sensitive

g

o WL L

F-0008-8 35 30 35 _Slightly less sensitive than
T o 2 and 3 :
| 4 , _
‘Compositions are moil % ,
I r-base semnsitivity about same as F-0008-2 and 3. - R
E ) Additional melts as shown have been submitted to Pr. Schulman. ‘
i‘f These have the following compositions: y
GlaSS : K20 : A12@3 _1’-205__ %lf'
i{ F-0008-7 42.5 4.0 53,5 i
5 F-0008<8 57.5 2.5 40.0 e - z.
- F-0008-8 37.0  16.0 7.0 i
o o ) ) - - -
i Compositions are mol % 5 i , }
| ; &
gi) The first two glasses were prepared to investigate the field iri the — 3,
-y R .. . o ’ = R ‘%“5
absence of alumina, the lasy giass was a composition between the ,} j
s ' - :
@ compositions .of F-0008-2 and F-0008-3, ithe two bést 5f the previcus ! ‘
E : ‘. study. {
> 1.3.3.1.4 Conclusions

The results indicate a strong sensitizing influence of K,O0.
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1.3,8.2.3.1 Glass formation ig indicated as sub A in figure 2.,

1.3.2.2.3.2

1.4.1.1

No conclusions can be drawn.,
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Systeni Al 0~ Ba0-P 205 ,l
B . | ;
Bungéée ) ]
The purposé of this work was to separsié the influence of BaO :
on the sens1t1v~1§y from the quaternary system (Az U Bau‘-’-i{ O= | ‘ : #
P205)= r-base,- %

Experunental Approach

madeé in the samé manner asg in 1.3, 3 1.2; Samples

B . | RS

“have been sibmitted to Dr, Schuliman for irratistion.

LU

Fegults

Radiation resulis are not yet available.

e Lt
'

CONCLUSIONS

e =

_T-QE ic I | ' B

L~

" Devitrification of r-glass cannot be sufﬁcm-_.ly prevented with

the addition of Zn(-POs)z, Mg(POg),; A1,03 and SiOz for Ba(POg),-

>

Other Base Glasses

o ALA‘—_.;;'_.,.Q:.,,,&JL et o db e

Topic 2 o
The fluorescence of a Mntt glass can be controlled to make it ;.

match that of r-glass by adding Fezos. T
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1.4.3.2

To_,E,,ic 3

The K2® in the v ~base is believed to be one of the dommatmg

been determined for the system K20 -AY 03 05

The domain of usable glasses has been determined for the

system BaD- A1203 ,P 0
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PROGBAM FOR NEXT INTERVAL

ilj‘lmﬂ_GRYu

The theoretical study by N. Kreidl and K: Sun will be con-

tinued in the hope \that it can be S-.ib ed in the next /mtev'im

report.

EXPERIMENTAL

‘ ToEic I

Silver solubility and dévitrification will bé studied in various

phosphaté glasses.

Togiﬁc, _2_

Additional work will- depend on test resulis obtdined on stand-

ards containing small amounts of iron in conjunction with maan-

ganese activators.

Togic 3 B
Planned work as derlved from compileted theoretlcal studleb.
comprises: : ‘ 7 -

a) Simple phosphate systems (current).

b) Comparison of K O~ 8102 and KZO 3203 system with

K2’0 Py0g system.

c) Compositions of aluminatés particularly potassium.

d) The addition of ¥, C1, 1, and S+ic K'.; :wa"z()sehx s,ys-terns.

~ e) Investigation of fluoride glasses.
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